How the surface functionalized nanoparticles affect conformation and activity of proteins: Exploring through protein-nanoparticle interactions.
To understand the effect of counter ions (Na+) on the secondary conformation and functionality of the lysozyme, we have studied the interaction of lysozyme with counterion associated iron oxide nanoparticles (IONPs). The investigation was carried out at pH 7.4 and 9.0, with three different types of NPs, namely, bare IONPs, low molecular weight chitosan modified IONPs (LMWC-IONPs) and the counterion (Na+) associated sodium tripolyphosphate IONPs (STP-LMWC-IONPs) and confirmed by using various spectroscopy techniques. The difference in UV-vis absorbance (ΔA) between native and STP-LMWC-IONPs interacted hen egg white lysozyme (HEWL) was greater than that between native and NPs interacted HEWL at pH 9.0 compared with pH 7.4. Furthermore, STP-LMWC-IONPs exhibited quenching effect on lysozyme fluorescence spectrum at pH 9.0 due to binding of Na+ counterions to the protein, confirming denaturation of the latter. After HEWL interaction with STP-LMWC-IONPs (pH 9.0), CD spectra revealed a conformational change in the secondary structure of HEWL. Also, counterion induced lysozyme inactivation, due to interaction with nanoparticles at pH 9.0, was confirmed by enzymatic activity assay involving lysis of Micrococcus lysodeikticus. In conclusion, pH 9.0 was observed to be a more favorable condition, compared to pH 7.4, for the strongest electrostatic interaction between lysozyme and NPs. We postulate that the counterions in nanoparticle surface-coating can ameliorate protein misfolding or unfolding and also prevent their aggregation and, therefore, can be considered as a powerful and potential therapeutic strategy to treat incurable neurodegenerative disorders.